Autologous stem cell transplantation (ASCT) using high-dose cyclophosphamide (HD CYC) is currently the best therapeutic approach for early rapidly progressive systemic sclerosis (SSc) with diffuse skin and/or visceral involvement. 1, 2 The importance of a careful disease specific pre-transplantation evaluation of cardiopulmonary involvement has been recently emphasized to reduce treatment-related mortality. [1] [2] [3] We report a case of acute heart failure following ASCT, related to histologically proven CYC cardiotoxicity in a rapidly progressive SSc without any evidence of SSc-related cardiopathy or pulmonary arterial hypertension (PAH) prior to transplant.
A 54-year-old woman with SSc diagnosed 2 years ago, without any other past medical history, was referred for ASCT in light of rapid extensive skin fibrosis (modified Rodnan skin score 37/51) and pulmonary involvement (decreased diffusing capacity of the lung for carbon monoxide at 60% and interstitial infiltrate). Heart function was in the normal range on all pre-transplant evaluations, including troponin Ic, 24 h Holter electrocardiogram monitoring, echocardiography (with tissue Doppler and quantitative assessment of right ventricular function) and cardiac magnetic resonance imaging (MRI). This latter included native T1 and T2 mapping before gadolinium contrast IV injection, further completed by analysis of T1 mapping and late gadolinium enhancement 15 to 20 min after injection. Left and right ventricular ejection fractions were normal without myocardial areas of gadolinium enhancement. Figure 1 illustrate the absence of flat septum or D-sign. For the left ventricle, T2, native T1 and extra cellular volume were 53 ms, 920 ms and 25%, respectively, and so considered within the normal range for our expert center, which has normal reference values in 30 subjects analyzed with exactly the same MRI methodology using the same 1.5 Tesla system.
Peripheral blood hematopoietic stem cells were mobilized with IV CYC (a total of 3 g/m 2 administered in equal amounts on 2 consecutive days), and filgrastim (10 μ/kg/day for 5 days), allowing collection of 8.59×10
6 CD34+ cells/kg in one cytapheresis, that were frozen in a final DMSO and albumin concentration of 10 and 4%, respectively. There was no excess toxicity, including cardiovascular complications.
After 1 month, the patient returned for conditioning regimen and ASCT. The echocardiography showed stable left ventricular ejection fraction (LVEF) at 63% with no kinetic abnormalities, normal systolic pulmonary arterial pressure (24 mm Hg) and no pericardial effusion. Brain natriuretic peptide (BNP), troponin Ic, renal and hepatic functions were in the normal range. She received IV CYC with a total dose of 200 mg/kg over 4 consecutive days (3 g/day with a total dose of 12 g) with 2 liters of 0.9% IV saline/day, and IV rabbit antithymocyte globulins (2.5 mg/kg/day for 3 consecutive days). 1 The day of transplant (day 0), BNP was 285 ng/L (No 100) and troponin Ic was 0.04 μg/L (N o0.04). After thawing, the stem cells were washed twice to remove the maximum of DMSO and rapidly infused. Within 12 h after transplant, the patient developed progressive acute pulmonary edema necessitating IV diuretics. After 10 h, she complained of intermittent anterior chest pain with acute dyspnea. Examination confirmed blood pressure at 90/45 mm Hg, regular tachycardia at 130 beats/min, bilateral lung crackles and oxygen saturation of 89% on room air. Electrocardiogram showed diffuse micro-voltage and chest X-ray showed acute pulmonary edema. Troponin Ic was 9.59 μg/L and BNP was 7136 ng/L. Echocardiography showed severe global hypokinesia with a LVEFo10% and no sign of acute right pulmonary heart. A CYC-induced cardiogenic shock was suspected and the patient was transferred to the intensive care unit. Cardiac arrest occurred shortly after transfer and the patient was supported with extra corporeal membrane oxygenation. Despite intensive supportive treatment, IV dobutamine and therapeutic range anticoagulation with heparin, echocardiography showed no improvement in heart function and a left heart thrombus rapidly extending into the pulmonary veins developed while simultaneous intracerebral hemorrhage contraindicated intensive anticoagulation. Supportive care limitation was then decided and patient died within 24 h (day 9 after ASCT).
On autopsy, the heart showed moderate hemorrhagic pericarditis, intra-cavity thrombus extended to the pulmonary veins and inferior vena cava (Figure 2a) . Standard frozen sections revealed spotting under the epicardium and within the myocardium, diffuse myocardial necrosis and hemorrhages without inflammatory or malignant cells (Figures 2b and c) . There was no interstitial fibrosis or myocyte hypertrophy and no sign of viral myocarditis. The coronary arteries were normal. These results were consistent with an acute CYC-induced cardiotoxicity.
We report the first histologically proven case of fulminant fatal CYCrelated cardiotoxicity in a patient treated by ASCT for an autoimmune disease, a situation that appears very rare and unpredictable.
Acute CYC-related cardiotoxicity has been previously reported in cancer patients who received simultaneous cardiotoxic drugs such as anthracyclines. 4, 5 Post-mortem examinations, the only means of confirming direct CYC causality, are rare. CYC-related cardiotoxicity usually occurs in the first 3 weeks after drug administration. 6 Clinical presentation is an acute and severe congestive heart failure. A micro-voltage with sinus tachycardia is commonly observed as well as increased serum levels of troponin Ic. 4, 5, 7 Echocardiography constantly reveals severe biventricular failure and global hypokinesia. Pericardial effusion can be observed. [4] [5] [6] In one reported case of a patient treated for nonHodgkin lymphoma, post-mortem examination showed normal arteries, myocardial hemorrhage and necrosis, without inflammatory cells or fibrosis, a picture similar to our findings.
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Pathogenesis of acute CYC toxicity is thought to be related to toxic endothelial damage leading to extravasation of active CYC metabolites and increased free oxygen radicals, with consequent cardiomyocyte apoptosis, interstitial hemorrhage and edema.
Elderly patients, history of mediastinal irradiation and prior anthracycline exposure may confer a higher risk of acute CYC cardiotoxicity. 8 Acute severe toxicity is so rare that susceptibility factors have been suggested, but no correlation was shown between hepatic cytochromes genotype and CYC clearance in vivo. 9 Moreover, a pre-emptive strategy using anti-oxidant agents seems inefficient. 10 In this case report, the causal relationship is certain. First, our patient had no cardiac risk factors and received a standard conditioning CYC regiment dose. 1 Based on the strict normality of both echocardiography and MRI including T1 mapping before and after gadolinium injection at the time of pre-transplant evaluation, right heart catheterization with fluid challenge was not performed. 1 Pre-ASCT screening was normal excluding SSc-related myocardial fibrosis, PAH as well as a cardiomyopathy of other cause. Second, the clinical presentation was typical. Finally, and above all, post-mortem histological examination confirmed an acute CYC-related cardiotoxicity with no evidence of fibrosis, infarction or inflammatory cells. Moreover, while DMSO has been reported to possibly induce cardiotoxicity-especially by in vitro studies 11 -its contribution seems unlikely here. In our patient, the stem cells were washed twice to remove the maximum of DMSO before infusion, with a final concentration thus much lower than the 10% before freezing (the residual DMSO concentration is not evaluated in our standard practice), and the symptoms and cardiac necropsy were typical of an acute CYC-related cardiotoxicity.
Acute CYC-cardiotoxicity can be fatal but its incidence seems very low. To date, based on the European Group for Blood and Marrow Transplantation registry, among the 400 treated SSc patients, four died within 10 days after HD CYC for ASCT from acute cardiac failure. In the ASTIS trial, only one patient in the transplant group died from progressive heart failure 11 days after transplant but it was attributed to underlying SSc involvement. 1 Other data have clearly shown that early death from cardiovascular events are mainly due to underevaluation of pre-existing cardiovascular involvement (including PAH, primary cardiac involvement and pericardial disease). 12 SSc has complex cardiac manifestations and a robust pre-transplant disease specific screening is needed to limit underlying misdiagnosed SScrelated cardiopathy. Such screening however does not prevent from severe acute CYC-cardiotoxicity.
In conclusion, we report here the first histologically proven case of acute HD CYC-related cardiotoxicity following ASCT for SSc. Fortunately, this transplant complication is exceptional, but further research is warranted given its unpredictable nature, and that current management is reactive with supportive care. In the meantime, we alert clinicians to the need for careful monitoring during administration of intermediate to high doses of CYC (and accompanying fluids) as conditioning for ASCT. When possible, consideration of lower and fractioned schedule doses of CYC is a reasonable recommendation. 
